Deltas and coastal cities around the world face the need to adapt to uncertain future changes. We compared adaptation planning on flood risk management in four cases based on three main elements of adaptive planning: to prepare for a wide range of plausible future scenarios; to respond to change with robust and flexible actions; and to monitor critical changes to be able to reassess the plan accordingly. Differences can be observed in the implementation of these elements. Good practices could be distinguished: cases consider a wide range of future scenarios; short-term decisions are coupled with long-term options while envisioning these options and possibilities for switching between them through adaptation pathways; opportunities originating from other agendas to achieve multiple objective investments are seized; and the system's resilience is improved by a wide variety of measures. At the same time some barriers for using adaptive planning approaches were identified: the use of a wide range of scenarios is only accepted in an exploratory phase of planning. Structural flood protection measures taken in the past do constrain future choices. The potential for monitoring and reassessment of options is hampered by the fact that trends in some variables cannot be detected.
INTRODUCTION
The world's river deltas and coastal cities are increasingly vulnerable due to pressures from climate change, relative sea level rise, and population growth (Mulder et Therefore, in densely populated deltas and estuaries such as the lower Rhine delta in the Netherlands, the Thames estuary in the UK, the Hudson in New York, and the Ciliwung delta on Java (Indonesia), spatial planning is challenged to enable socioeconomic developments and well-designed water management to provide services such as flood risk management, fresh water supply, and good environmental conditions. Decisions on water management and spatial developments are needed to prepare for future changes. However, uncertainties about the future, the dynamic nature of deltas, and the interaction between the environment and society make such decisions less than straightforward. Decisions avoiding adverse impacts and seizing opportunities are preferred, as the implementation of actions takes time and some actions that may have been possible in the past or at present may not be possible in the future.
Plans are often crafted to operate within a certain range of conditions. But this traditional approach of engineering based on the assumption of a more or less stationary climate is quickly losing ground (Milly et al. ) . In this paper we expand on these previous studies by analyzing flood risk management policies and the related adaptation planning approaches applied to deal with uncertain future changes for four deltas and coastal cities in and policies, strategies, and structure plans are appropriately redefined. We add to this the element of 'no or low regret'.
No regret options in case of uncertainties are actions that have properties such as robustness, flexibility, and reversibility (Refsgaard et al. ) .
More specifically, the following three main subquestions, reflecting the main elements of adaptive planning, are investigated using four case studies:
(1) How is the 'widest set' of plausible future scenarios defined and used in the assessment of strategies within the four cases? The four cases considered are as follows:
• Dutch Delta Program (DP), planning for adaptation in flood risk management for the Rhine-Meuse delta in the Netherlands.
• Thames estuary 2100 (TE2100) project in the UK, having delivered a plan for flood risk management in the Thames delta.
• PlaNYC 2013. The renewed initiative to adapt New York City after Hurricane Sandy to increasing flood risks (New York City Office of the Mayor ).
• Jakarta Coastal Defence Strategy (JCDS). The project for better protecting against increasing flood risks due to subsidence and sea level rise (JCDS ).
We review and compare the activities on adaptation planning in the four cases on how they tackle the three elements of adaptive planning. Are the chosen approaches fit for purpose? What lessons can be learnt for application in other cases?
APPROACH FOR COMPARING FOUR DELTAS AND COASTAL CITIES
The deltas and coastal cities discussed in this paper share, to some extent, the characteristics that they are highly populated, highly dynamic in terms of economic activity, and share challenges with respect to combined (potential future) effects of sea level rise, river flooding, and soil subsidence. All four cases can be regarded as 'hotspots' where climate and socioeconomic changes coincide, but with different challenges in the short and long term. In addition, in all cases there is an active policy and research community jointly working on meeting these challenges. The information on adaptation planning is drawn from the authors' experiences (all are involved in advising governments on adaptation planning in one of the cases) and their colleagues in working on the adaptation planning.
A general procedure to make an adaptive plan and comply with the aims as described by Sayers et al. () is given by the 'dynamic adaptive policy pathways' framework (Haasnoot et al. ) that combines the approach of adaptive policy making (Kwakkel et al. ) and adaptation pathways (APs) (Haasnoot et al. ) . The framework consists of the steps as depicted in Figure 1 are not met any more? Assess when this occurs by using the scenarios. Besides critical levels that may be a threat to objectives, opportunities may be defined that may help to achieve objectives. Determine possible adaptation actions and by iterative assessment select successful actions (e.g. actions that increase the success of the policy). (3) Once a set of action seems adequate, potential pathways (a sequence of actions) can be constructed and subsequently one or more preferred pathways can be selected as input for a dynamic adaptive plan (4). The aim of this plan is to keep the preferred pathway open as long as possible. For this purpose, contingency actions and triggers for contingency action are specified and after implementation of the plan (5), the variables inducing these triggers are monitored (6).
To compare the cases systematically for the three main research questions a list of questions (Table 1) 
FOUR DELTAS AND COASTAL CITIES WITH DIFFERENT CHALLENGES Thames estuary (TE2100)
The Thames estuary is dominated by the London metropolitan area with over 15 million inhabitants. The tidal river Thames serves as a major transport route for the city, one of the UK's major ports. Flood protection standards are high as compared to the rest of the UK with most of the estuary protected to 1/1,000 years. The current flood defense system mainly consists of walls, embankments, flood gates, and the Thames Barrier. The main drivers for adaptation The approximately 600-mile-long coastline and densely populated complex urban environment in combination Step (Figure 1 ) Question/indicator
Step 1 
Delta Program in the Netherlands
The Rhine-Meuse delta in the Netherlands is a river delta that has originated from marine and fluvial sediments but over the last 1,000 years mainly has been shaped by humans. The digging of canals, drainage systems, creation of polders, the embankment of rivers, and coastal protection has brought prosperity to the delta. In this way the Dutch were able to control water levels and reduce the frequently occurring floods. On the other side, the lack of new sedimentation and extensive drainage has caused land subsidence in substantial parts of the country below sea level (see Figure 2 ).
With the first delta plan, which started in 1960 and was finished in 1997, one of the best protected deltas in the world was created, with high safety standards and extensive dams and barriers. About 9 million people now live well protected in areas prone to flooding (high risk and very low probability). The DP (Delta Program ), which started in 2010, aims to prepare a set of strategic decisions for sustainable flood risk protection and fresh water supply under future change. The time horizon is 2100.
In the DP the flood risk issues to be solved are threefold. First, there is the current mismatch between protection standards and the present performance of dikes in some parts of the country. Secondly, there is the question of whether the increasing socioeconomic developments since the 1960s should lead to higher protection levels (Kind 
Jakarta Coastal Defence Strategy
Jakarta is located on the north coast of Java, Indonesia. The city of Jakarta itself has 9.5 million inhabitants. Together with the daily commuters from the suburban areas, the daytime population is over 12.5 million (JCDS ). Jakarta is rapidly developing. There are many threats to the urban development, including uncontrolled urbanization, heavy traffic problems, water pollution, supply of drinking water, and flood risks (e.g. Steinberg ). In this paper we concentrate on the latter. Flood risks in Jakarta can be characterized by flooding from the sea, from rivers, and from rainfall.
The flood problem in Jakarta is being aggravated by many drivers, both physical and socioeconomic in nature.
In terms of physical changes, rapid land subsidence is a key problem in Jakarta ( contributing factor to past flooding in Jakarta has been the lack of drainage and/or storage capacity in the city's waterways, partly due to them being clogged up by sediments Table 2 summarizes the findings on the research questions per case.
ANALYSIS
How is the 'widest set' of plausible future scenarios defined and used in the assessment of strategies within the four cases?
According to Sayers' characterization of adaptive planning approaches, the effect of adaptation responses has to be measured against the widest set of plausible futures. How has this been worked out in the four cases?
For the TE2100 project, plan NYC and the DP the main climate parameters that have been considered by the project teams in assessing impacts and strategies are sea level rise, storm surges, and river discharges. Dedicated scenarios for these parameters were derived in cooperation with the () developed a model to assess economic assets exposed to a 1/100 year coastal flood event under the current situation, and in the year 2100 as a result of sea level rise and land subsidence. They found that, if land subsidence is not addressed and the rate continues unchecked, and the sea level rises by 59 cm over the 21st century, the value of assets exposed would increase by a factor of 4 between today and 2100. Relative to land subsidence, the impacts of sea level rise are small, yet by no means insignificant, contributing alone to an increase in exposed assets by a factor of there is no urgency yet), developments that take place in the near future should not foreclose future options for adaptation.
To be able to tackle this complexity it is necessary to envision and link possible short-term decisions and longterm options for adaptation and their timing across relevant interfering policy domains. In the cases studied we encountered several examples of how to achieve this.
In all cases, critical thresholds or adaption tipping points (Kwadijk et al. ) -describing under what conditions current or alternative policies might fail -are considered. These thresholds are related to acceptable return periods for flood events in risk-based approaches translated to design criteria for the flood protection infrastructure. For the TE2100 and DP, thresholds play a major role in the phasing of the potential actions within the plan.
Consecutive actions are combined in APs (Haasnoot et al.
)
or route maps that show the connection between a short-term decision and longer-term options ( Figure 5 ).
In the Jakarta case, there is only one such pathway which has been assembled from originally three alternatives (see Figure 6 ), consisting of a few main categories of In the TE2100 and DP, these kinds of measures contribute only partly to the plan, which mainly consists of improving the existing flood safety system of dams, barriers, and dikes. The New York plan promises a wider variety of adaptation actions and more balance between structural, green adaptation, and non-structural measures.
Combining agendas
In the DP there are several short-term decisions defined in the water domain (i.e. redefinition of safety standards, water quality, and shipping issues) that are being connected to the longterm climate change questions. For example, where dikes need to be enforced because of maintenance, the expected increase in water levels due to climate change can be taken into account in the design. Another example is that the planned While other investment agendas may help the implementation of adaptation plans, it is also important to be aware of other agendas or autonomous developments that may hamper and lock out future actions. In the past, spatial developments (see Figure 8 ) have narrowed down easy options for adaptation. Investments in the past for the Netherlands, but also for example in drainage and dikes in Jakarta, have drawn a lot of economic activity to the low lying parts of the deltas. These autonomous developments may make it difficult to switch to pathways that promote substantial different Figure 6 | Adaptation pathways map for the River Rhine-Waal Branch (Haasnoot 2013) . The actions that are planned to be carried out in the near future consist of some dike strengthening and actions aimed at lowering of the water level by giving more space to the river (gray line). These actions are insufficient to control the flood risk over a longer time span. Therefore, five policy options were defined. The first option consists of actions that result in lowering of the water level during a flood by giving more space to the river (e.g.
lowering of flood plains; orange lines). It is expected that these actions can only solve part of the problem. If they would start with the implementation of these actions, eventually other actions would be needed. These actions include dike strengthening (yellow lines) (either with a large increase in one action or in succeeding smaller steps), development of 'unbreachable dikes' (green lines) (e.g. De Bruijn et al. 2013) , adaptive construction of houses and other buildings (blue line), or application of very large measures, such as the development of a 'Green River' i.e. a new river reach that will only be flooded during extreme events (red line). As it is not very likely that this type of action will be selected now, the first part of this route is made transparent. The full colour version of this figure is available in the online version of this paper.
solutions. It is recognized nowadays in the UK and also in the The Netherlands has the tradition of evaluating the national water policies from time to time. For this purpose a national monitoring strategy and system is in place. It is expected that the Delta decisions that will result from the DP will require adoption of the future monitoring strategy.
One of the main recommendations for New York is to
'develop a system of indicators and monitoring co-generated by stakeholders and scientists to track data related to climate risks, hazards, and impacts to better inform climate change-related decision-making in New York City' Not all variables are as fit for detecting trends as subsidence and sea level rise. For the DP, river discharges are also an important driver for change. As shown by Diermanse (), changes in these trends cannot be detected in advance in the coming 100 years due to the too high variability compared to the length of the series of observations.
There is no empirical evidence found yet within the cases on reassessment based on monitoring.
LESSONS LEARNT
Adaptation planning in four cases around the globe concerning flood risk management in deltas and coastal cities has been compared on three main supposed characteristics of adaptive planning: to prepare for a wide range of plausible future scenarios (climate, subsidence, and socioeconomic), to respond to uncertain change with a robust and flexible set of actions, and to monitor critical changes to be able to reassess the plan accordingly. All four cases follow purposely an adaptive planning approach to arrive at an adaptation strategy, but differences can be observed in the implementation. These differences can be related to the context of the To safeguard the 'low regret' content of the adaptation plan, the second research question, we encountered three main strategies: flexibility, mainstreaming, and robustness/ resilience. All cases contain examples of all three strategies but different accents can be distinguished in each case.
The cases of TE2100 and DP highlight how short-term decisions are explicitly coupled with long-term options using APs or route maps with clearly marked thresholds defining when to decide to switch from one action to another, this ensures maximum flexibility.
The Jakarta case provides the best example on how shortterm decisions are part of a phased implementation of a 'multi-objective' plan. The city's demand for spatial development of infrastructure, and new areas for housing and business creates the opportunity for financing the combined large investments in flood defenses, roads, and polder areas in this way reducing the flood risk. However, the long-term possible consequences of climate change remain underexposed. In general, developing countries where poverty and short-term vulnerabilities dominate over long-term concerns, the long-term planning approaches may need to be tailored to be effective (Ranger & Garbett-Shiels ) . In these countries, long-term planning is much less practiced, because as the Jakarta case shows, other (more urgent) problems exist. The challenge is to design actions that are also able to cope with potential future conditions (robust actions or design actions that leave room for adaptation if needed) and seize opportunities once they arise. Therefore, it is even more important to link (potential) future actions to current problems, for example by searching for win-win options.
The third strategy encountered is increasing resilience (and in this way robustness), as is best illustrated by the plaNYC case, which is not only directed at designing adaptation actions for a certain amount of climate change but also to make the city stronger to protect against, cope with, and recover from uncertain future flood hazards.
Flood risk management actions taken in the past can be quite decisive for the attractiveness of future options. With a very robust flood protection system already in place in the Netherlands, the largest added value in terms of risk reduction per euro invested appears to come from improving this very same protection system and less from investing in planning, building, and emergency response measures ( Jeuken et al. ; Slootjes & Jeuken ) . Large cities in low lying deltas, especially below sea level, must be protected against flooding from sea with barriers, levees, and other structural measures. These measures are robust, mainly since they incorporate large safety margins and increase the resistance of the system. As shown, the flexibility of these measures is limited. In these cases, flood risk strategies that aim more at increasing the resilience of the systems are additional to the existing flood protection strategies.
On the third research question, 'how is monitoring and reassessment included in the plans?', the main conclusion is that the importance is recognized, that the main climate drivers for change are being considered in monitoring plans, other key triggers are being defined and, since not all relevant variables are suitable for early trend detection, progress in science and climate projections should also be monitored. However, there is little experience yet to be collected, for example on how monitoring can be used to implement or improve strategies.
